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(54) CURRENT-LIMITING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To avoid exfoliation of 
electrodes for enhancing the long term reliability of a 
current-limiting element by forming V203 layers having 
no element A on the end faces of (V1~xAx)203 PTC 
resistor. 

SOLUTION: Within a current- limiting element 1, a 
composition having PTC characteristic is provided with a 
V203 base PTC resistor 1a of (V0.9965Cr0.0035)2O3 
and V203 layers 1b not containing Cr. Mo electrodes 
and the current-limiting element 1 are brazed with Ag- 
Cu eutectic brass 3. Furthermore, the thickness of the 
V203 layers 1b is specified to be 0.1-2.5 mm. This 
current-limiting element 1 is manufactured by blending 
' V205 or V203, Cr03, Fe203 particles, so that the 
composition after baking step become (V0.9965Cr0.0035) 
203 Fe5 wt.% and V203 Fe5 wL% to be mixed and 
crushed respectively by wet ball mills for producing 
particles (1) and (2). Next, after laminating the particles 
(2), (1) and (2) in this order in a metallic mold to be 

pressure-molded, the Mo electrodes 2 are brazed to the current-limiting element 1 produced by 
baking in hydrogen current. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] Vanadium-oxide system ceramics 203 (VI -X AX) [A is a ** style component 
characterized by having the vanadium-oxide layer which does not contain Element A in the 
junction end face of a PTC resistor and an electrode in the ** style component using the PTC 
resistor which are at least one sort of elements chosen from aluminum, chromium, the scandium, 
or the lanthanoids, consists of 0.001<=x<=0.30], and has a forward resistance temperature 

characteristic. . , , i c *u 

[Claim 2] The ** style component according to claim 1 characterized by the thickness of the 
vanadium-oxide layer which does not contain Element A being in the range of 0.1-2.5mm. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] . 
[Field of the Invention] This invention relates to the ** style component which starts the ** 
style component using a vanadium-oxide system [(V1-X AX) at least 1 sort as which 03 A was 
chosen from aluminum, chromium, scandium, or lanthanoids of 2 Element] PTC resistor (it is V2 
03 below it abbreviates to a system PTC resistor) with a forward temperature coefficient of 
resistance, especially is excellent in the dependability over a long period of time. 

[0002] , , 

[Description of the Prior Art] In recent years, the overcurrent which flows when large capacity 
ization progresses also in a low voltage power distribution system and a load short-circuits in 
connection with it is also high-current-ized, and high breaking capacity-ization is desired also 
about the breaker. V2 03 which uses the vanadium-oxide system ceramics as a principal 
component as an overcurrent protection component for a high current and large power 
corresponding to such a technical trend Utilization of the ** style component using a system 
PTC resistor is expected. 

[0003] V2 03 The system PTC resistor has the property (M-I transition) transferred to an 
insulating material from a metal among 1 00 degrees C - 200 degrees C. Near a room 
temperature, with 10-3 ohm-cm, although specific resistance is small, it is missing from 100 
degrees C - 150 degrees C from a room temperature, and it increases gently. It increases rapidly 
about double figures near 150 degree C (this temperature that increases rapidly is called 
transition temperature), becomes a peak in 1 50 degrees C - 200 degrees C, and has the 
property to fall, at the temperature beyond it. 

[0004] V2 03 which has such a property Temperature rises with the Joule's heat at the time ot 
an overcurrent flowing, and a system PTC resistor can carry out the ** style of the overcurrent 
according to the resistance buildup using resistance increasing. Therefore, an electrode is joined 
to this and it is used as a ** style component. 

[0005] r x OT _ 

[Problem(s) to be Solved by the Invention] V2 03 As for the PTC phenomenon of a system PI C 
resistor specific resistance increases rapidly by change of the band structure at the time of 
transition. And since an a-axis expands 1.0% to c axis contracting 0.6% with change of this band 
structure it is V2 03. The coefficient of thermal expansion of a system PTC resistor serves as a 
nonlinear change that negative expansion is shown at the time of M-I transition. The situation is 
shown in drawing 2 . An axis of ordinate is coefficient of thermal expansion (dL/L), and an axis of 
abscissa is temperature. 

[0006] As an electrode material joined in case it considers as a ** style component 
molybdenum, copper, etc. with which the coefficient of thermal expansion is alike are used. 
However since it is almost linear, coefficients of thermal expansion differ greatly at the time of 
transition of a PTC resistor, and the thermal expansion of these metals requires big stress for an 
electrode plane of composition, and deformation of an electrode and when excessive, it may 

cause exfoliation of an electrode. . 
[0007] Made in order that this invention may solve an above-mentioned trouble, the object is w 
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03 It is in easing the stress by the coefficient-of-thermaHexpansion difference in the ** style 
component using a system PTC resistor, preventing exfoliation of an electrode etc., and offering - 
the ** style component which is excellent in dependability over a long period of time. 

[Means for Solving the Problem] This invention is the vanadium system ceramics (V1-X AX) 203 
because of the above-mentioned technical-problem solution. [A shall be at least one sort of 
elements chosen from aluminum, chromium, the scandium, or the lanthanoids, shall consist of 
0.001 <=x<=0.30], and shall have the vanadium-oxide layer which does not contain Element A in 
the junction end face of a PTC resistor and an electrode in the ** style component using the 
PTC resistor which has a forward resistance temperature characteristic. 

[0009] V2 03 which does not contain such a ** style component then Element A Since it does 
not transfer, change of a coefficient of thermal expansion becomes linear, and a layer is 2 (V1-X 
AX)03. The effect of the negative expansion at the time of transition of a system PTC resistor 
is eased, the stress near the electrode joint is reduced, and exfoliation of an electrode etc. can 
be prevented. 

[0010] , i ■ j 

[Embodiment of the Invention] Next, the gestalt of implementation of this invention is explained 

based on an example. . . i x 

[Example 1] drawing 1 is the sectional view of the ** style component concerning the example ot 
this invention. The presentation in which 1 is a ** style component element in drawing 1 , and 1a 
has a PTC property is 2 (V0.9965Cr0.0035) 03. V2 03 It is V2 03 in which it is a system PTC 
resistor and 1b does not contain Cr. It is a layer. V2 03 The dimension of system PTC resistor 
1a is phi12x20mm, and is V2 03. The thickness of layer 1b is 1mm. Two is aphi15x5mm 
molybdenum (Mo) electrode, and is soldered with the Ag-Cu eutectic wax 3 in the ** style 
component element 1. A copper (Cu) electrode is sufficient as 2. 

[001 1] V2 03 As for the thickness of layer 1b, for 0.1-2.5mm is good. Because, at less than 

0 1 mm, it is V2 03. It is because the PTC property as a ** style component will fall if the 
effectiveness as a relaxation layer which eases a nonlinear thermal expansion of system PTC 
resistor 1a becomes less enough and makes it thicker than 2.5mm on the other hand. The 
following procedures are performing the manufacture approach of this ** style component. 

(1) V2 05 Or V2 03 Cr 203, and Fe 203 Preferential grinding of what blended powder so that 
the presentation after baking might become 2 (V0.9965Cr0.0035) 03+Fe5wt% and V2 03+Fe5wt% 
is carried out with a wet ball mill for 12 hours, respectively, and powder ** and ** are obtained. 

(2) Carry out pressing, calcinate the Plastic solid at 1550 degrees C in a hydrogen air current for 

1 hour and obtain the ** style component element 1; after carrying out the laminating of the 
above-mentioned powder to metal mold at the order of powder **, powder **, and powder **. 

(3) Through the Ag-Cu eutectic wax 3, solder the Mo electrode 2 by heat treatment for [ 750 
degree-Cx ] 5 minutes in a vacuum in the ** style component element 1, and consider as a ** 
style component at it 

[0012] Thus, the ** style component A and V2 03 which were manufactured The energization 
test result of 500A in the conventional ** style component B which does not have a layer is 
shown in a table 1, and the test result of a thermal cycling test (-50 degrees C <-> 200 degrees 
C, 20 cycles) is shown in a table 2. 
[0013] 
[A table 1] 
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[0014] 
[A table 2] 













5^/1 o® 



With the conventional ** style component B, exfoliation of an electrode was not accepted at all 
in any of an energization trial and a thermal cycling test to electrode exfoliation having been 
seen also in the trial [ which ] more than the moiety by the ** style component A by this 
invention so that clearly from tables 1 and 2. 

[0015] especially — V2 03 the layer formed in the end face of system PTC resistor 1a — V2 
03 system PTC resistor 1a — fundamental — V2 03 of the same ingredient ** — having 
carried out — V2 03 The bond strength with system PTC resistor 1a became firm. Moreover, 
since an excessive process is not needed for baking etc. but it ends with once, manufacture is 
[ that what is necessary is just to change a powdered preparation ratio and to carry out the 
laminating of the powder to the shape of a layer ] also easy, as stated previously. 

[Effect of the Invention] V2 03 which does not have Element A in the end face of a 2 (V1-X AX) 
03 PTC resistor according to this invention as explained above By forming a layer The stress by 
the coefficient-of-thermal-expansion difference at the time of transition of a PTC resistor can 
be eased, exfoliation of the electrode by the repeat of the rapid transition and transition by 
energization heating etc. can be prevented, and it can consider as the ** style component which 
dependability is remarkable over a long period of time, and improved. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view showing the ** style component of this invention example 
[Drawing 2] V2 03 Temperature profile of the coefficient of thermal expansion of a system r PTC 
resistor 

[Description of Notations] 

1 ** Style Component Element 

1 a V2 03 System PTC resistor 

1 b V2 03 Layer 

2 Mo Electrode 

3 Ag-Cu Eutectic Wax 
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